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Areas of application: production of lubricants, battery and composite materials 
dyes, optronic materials, and medicines. 

Essence of the invention: soot, graphite and industrial tailings are mixed and 
compressed into slugs; the slugs are dried under vacuum by heating in a fullerene 
synthesis chamber. Heating of the slugs isc arried out to the surface emitting 
temperature of 4300 ±100°C using a resistance, induction, magnetron or other method 
in a vacuum. The slugs are shaped to ensure the counter-heated or through flows of 
carbon clusters. At the same time, the resulting fullerenes are removed from soot by 
their evaporation from soot collectors while being heated to to 700 to 900 °C The 
fullerenes are separated simultaneously by molecular weight into collectors heated 
with the formation of a temperature gradient of 400 to 480°C. The system contains a 
water-cooled chamber 1 with a centrally located heating element 2, and emitter 3 [made 
of] carbon slugs shifted by means of the mechanism 5. The soot collectors 7 and 8 are 
vessels made of a heat-resistant material. The fullerene collectors 11, 12 13 14 15 
and 16 are made in the form of copper rings with vertical channels. Concentration of 
fullerenes ranges from 5 to 20 % by weightor more. 

2 pages, 14 patent claims, 1 table and 5 figures. 



Fig. 1 

A - graphite powder; B - preparation of mixture; C - pressing/making of 
workpieces; D - workpiece drying: E - energy; F - synthesis under vacuum; 

G - workpiece waste 
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(54) CHOCOB M yCTPO«CTBO W RPOMSBOflCTBA WJU1EPEHOB 



(57) Pe4>epaT: 

aKKyMyjlflTOpHbtX, KOMrK)3MmiOHHWX 

MarepnanoB, KpacMTeneH, MaiepjianoB nna 
onToanejcrpoHMKM, neKapcTBeHHbix npenapaios 
CymHocrb M3o6peTeHMfl:' CMeujMBaiOT caacy 
rpa*MT, OTxoflbi aaroTOBOK, npeccyior 
3aroTOBKy, npocytuMBaioT b aaKyyiwe HarpeBOM b 
Kaiwepe cHHtesa #y/uiepeHOB. HarpeaaHHe 
aaroTOBKM seflyr ao TeiunepaTypbi 

3MMTTMpy»OU4ePI nOBBpXHOCTVt 4300±100°C 
P93MCT14BH btM , MHflyKUMOHHblM, Maf*H6TpOHHblM 

win flpyniM MerqAOM, b BaKyyjwe. 3aro T OBKe 
npviAaioT cfcopMy, o6ecneMMBafomyK) BcrpenHo 
HanpaaneHHbie mjim nepe^KaioujMec* noroicM 
ymepoAHboc Knacrepos. OflHOBpeweHHo 
nonyMeHHbie cfyjutepeHbi ota6jihk>t ot caxcd 
njrreM wcnapeHiw to c6ophhkob caxai npn kx 
HarpeBaHMM flo 700-900«C. <tyjuiep©Hbi 
<WOBpeweHHo paawajwtoT no MoneicyjinpHOMy 
Becy Ha KomieKTopax, Harpemx c 
oopaaoBaHweM TeMnepaTypHoro rpaAweHra 
400-480*0. VcTpoMcreo coAepwT 
BOflooxna)KnaeMyK) KaMepy 1 , b ueHrpe kdtopo* 
pacnono)KeH HarpeBaTejibHbifi anewem 2 
nepeMe^aeMbirt c noMou|bto MexaHMsiwa 5 



SMMTrep 3 M3 ymepoAHbix aaroroBOK. C6opnnKM 
ca)KM 7 v i 8 BbinojiHeHbi b bha© eMKocrefl m 
TepMOCToftKono MaTep*ajia. KonneKropw 
cfryjviepeHOB 11, 12, 13, 14, 15 t 16 BbinonHeHw 
Bl W weAHbix iconeti c BepTMKanbHbiMn 
KaHanaMM. CqflepKaHne cfcynnepeHOB 5-20 
Mac.% m 6onee. 2 c. w 14 s.n.<twiw t " 1 t*6ji. 5 wi. 

nja^rrotMO c wpotctx 
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(64) METHOD AND APPARATUS FOR PRODUCTION OF FULLERENES 



(57) Abstract: 

Qi«iS£^T lheUa cart)on "wtortato. 
SUBSTANCE: Invention relates to producing 
SEX? 18, , accumulator, and composite 
materials for optical electronics, and 
drugs. Method consists in mixing carbon 
black, graphite, and wastes of stock 
pressing resulting stock, and heat drying 
under vacuum in fullerene synthesis chamber 
Heating of stock is effected to temperature 
of emitting surface 4300 ± 100 C using 
resistive, induction, magnetron, or another 
method. Stock is shaped in such a way as to 
provide countercurrent or crossing streams 
of carbon clusters. At the same time 
produced fullerenes are separated from 
carbon black through evaporation from carbon 
black collectors by heating them to 700-900 
C. Fullerenes are simultaneously separated 
according to their molecular weight on 

2252? !]2?2L t0 deve '°P temperature 
gradient 400-480 c. Apparatus has 
water-cooled chamber 1 with heating element 
2 in its center and, displaceable by 
mechanism 5, emitter 3 of carbon stock 
.Carbon black collectors 7,8 are made In the 



form of heat-resistant material containers 
Fullerene collectors 11-16 are made as 
copper rings with vertical channels. Content 
of fullerenes is 5-20 wt % or higher 
EFFECT: enhanced efficiency of process 16 
cf, 5dwg, Itbl, Sex 
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H3o6peTQHne othocmtos k oCnacTM 
npouoccoB m annapatypwfln« cnHToaa, omhctkm 
m pasAaneHMfl (fry/mepeHOB. 

BnepBbie cmht63 cjjyjwepeHOB own onwcaH 
K8K npoueoc ncnapeHMP rpa*MTosbix 
aneiapoflOB npn pbshctmbhom Harpese win b 
flyre b aTMotxJxspe MHepTHoro rasa (Kraetsmer. 

SL ??l ld ^? 60: A new fo rm of carbon-, 
Nature, Vol.247, p. 354-357, on Sep 27 
1990; "Production, characterization, and 
deposition of carbon clustera", Y.K. Bae, 
et al.. Clastere claster- assem.mater. 1991 ! 
p. 733-741 (Mater, res. soc.symp.proc. Vol! 

206). 3T0T CnOCOG n03B0JWeT npOM3BOAMTb 

oKono 1 r cMecw (fcyjmepewoB a Macr npw 
ooflepoKBHwn 4>ynnep©HOB b cawe ao 15% 

HsBecTHu h Apyme cnocoobi CMHTeaa 
*ynnepeHoccwep>KauieM cam: jiaaepHofl 
aGmumb ("The formation of hydrogenated 
carbon clasters by laser ablation". N. 
Zhang et. al. Chem. Phys.Letters, 1993, 
Vol. 205, N 2/3, p.1 78-182; "Laser ablation 
of carbonaceous materials: a method to 
produce fullerens", E. Millon, et al. C. R 
Acad. Sol. 11, 1992, Vol. 315, N 8* 
p.947-953; "Production of fullerenes by 
near-infrared laser, LLaska, Czech, J 
Phys. 1993, Vol.43, N 2, p.193-195), 

nnporiM30M m QKHraHMeM apoManmeckMX 
ymeBQAopoAOB ("Calculated equilibrum yields 
of C60 from hidrocarbon pyrolysls and 
combustion", J.T. McKinnon, J.Phys.Chem 
1991, Vol. 95, N 22, p. 8941-8944; 
"Formation of C60 by pyrolysls of 
naphthalene", RTaylor, et. al. Nature 

1993, Vol. 366, N 6457. p. 728-731 : 
"Production of C60 and C70 fullerenes in 
benzene/oxigen flames", J.B.Howard, et al 
J.Phys. Chem. 1992, Vol.96, N 16* 
p.6657-6662; "Pyrolysls of KH carbon 
residues: a method of further production of 
fullerenes and specific fbrmstion of C " 
J.V.Weber, et. al. J.AnaJ. Appl, Pyrolysls' 

1994. VoK29,N1 lP .1-14), 
sneKTpMHecKMM paapflflOM ("A simple 

technique of producing fullerenes from 
electrically discharged benzene and 
toluene", D.K.Modak, et al. Indian J. Phys 
A. 1993, Vol. 67, N 4, p.307-310), 

b nnaawe f Formation of fullerenes in MeV 
ion track plasmas", G.Brinkmalm, et al. 
Chem. Phys. Letters, 1992, Voi. 191, N 3/4 
p.345-350; "Novel method for C60 synthesis'- 
a thermal plasma at atmospheric pressure", 

SL^ 0 ^*' et al ' Phvs - Letters, 

1992, Vol. 61, N 23, p. 2782*2783), 

b tom viMcne naseprctf (Tuileranes from 

laser production plasma", P.S.R. Prasad et 

al, Phys, Stat Sol. A. 1993, Vol. 139, N 1 

p.K1-K6), 

KOH L|6HTpMpOBaHHbl U COJlHeHHbJM CBQTOM 

("Solar generation of ^116^68" L 
P.F.Chibante. et. al. J.Phys. Chem. 'l993* 
Vol. 97, N 34, p.8696-8700). 

06ihmm Ann Bcex stwx MeTQOOB sanweTca 
HanvwMe aTMoctfjepbi MHepTHoro rasa. 

KpoMe roro. M3BecreH cnoco6, ocHOBaHHbift 
Ha ncnapeHMM rpao>MTa siieKTpoHHWM nymcoM b 
BSKyyiwe ("Electronic sputtering of 
fullerenes and the influence of primary ton 
charge state", G.Brinomalm, et al, Nucl. 
Instrum. Methods Phys. Res. B. 1994, Vol. 
84, N 1, p.37-42; "Fullerene formation in 
sputtering and electron beam evaporation 
.processes", R.F.Bunshah, et al. J.Phys 
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Chem. 1992, Vol. 96, N 17. p.6866-6869). 

nonysaeMaw caxa bo scex nepeswcneHHbix 
cnocoCax m6o oocKpeoaeTCf? co ctohok 
KcnapMTenbHoW xaMepu, a (tynnepeHbi 
3KCTparMpyioTCfl us wee opraHWHeoKMMM 
paoTBopMTenRMM ("Supercritical fluid 
extraction of fullerenes C and C from carbon 
soot". S Saim, et al. Sep.Sci.Technol. 
1993, Vol.28, N 8, p.1509-1525) u 
pa^enfltorcfl xpoMaTorpacpMMecKMMH 
("Punfication of gram quantities of C A new 
inexpensive and facile method" 
WAScrivens, et. al. J.Amer. Chem. Soc' 
1992, Vol. 114, V 20, p. 7914-7919) m\A 
MHbiMM iweTOflaMK ("Separation of C60 and C70 
with activated carbon", T.Rong et al 
Yingyong Huaxue, 1994, Vol. 11 N 3 
p 112-114; "High-purity vapor ' phase 
purification of C ". R.D. Averitt, et at 
Appl. Phys. Letters, 1944, Vol. 65, N 3 
p.374-376). JImoo ca>xa nepeHOcwTc* m ' 
ncnapmenbHofl KaMepu ayroBoro peaKTopa 
noTOKOM MHepTHono ra3a b KaMepy c 

MeXaHWMeCKMMM 0>MnbTDaMM, OTflejl«»OU4MMM 

o>ynnepeHbt ot caxn, a aaTeiw nponcxoAKr 
pawneHMe ttyjinepeHOB Ha TeMnepaTvpHOM 
rpaAweHre b norone rasa ('Production 
characterization, and deposition of carbon 
clustere", Y. K. Bae, et. al. Clastere 
claster-assem, mater. 1991, p. 733-741 
(Mater.res. soasymp.proa Vol. 206). 

Haneonee ©hhskhm k npeAnoweHHOMy 
cnoco6y u ycTpo«cTBy aanfljOTca cnocoC m 
ycTpo«cTBo aha npoMssoflCTBa 4>ymiepeHOB, 
onwcaHHwe b sa^BKe WO 94/004461 , ten C 01 B 
31/00, 1994, 

Bee -yicasaHHwe Bbuue TexHonornn 
no3Bon*ioT nonynaTb Jiwuib Manbie KonwecTBa 
<}>ynnepeHOB, KOTopwe MoryT owrb 
ncnonb30BaHbi TanbKo b SKcnepwMeHTanbHbix 
Uennx. TlonyqeHne 4>ynnepeHOB b 
3Ham4TenbHbix KonMHecTBax , yAOBneTBopaiomnx 
noTpe6HocTM npoMbiuineHHOCTM. yKasaHHUMM 
cnoco6aMM hsbo3MO)kho. 

TexHHMecKOft aaflaqeft M3o6peTeHnn 
flanyieTCH ooecneMeHne bo3mqxhoctm 
nonyMOHMfl c^ynnepeHoe b KonnMecrBax 
yfloaneTBopfliotMMx noTpe6HocTM 
npoMbiujneHHOCTM, nyTeM noBbiweHMfl 
npoMSBQAMTenbHocTM CMHTeaa 4>yjuiepeHOB, a 
Taioce yweHbiueHne otxoaob npw npoii3BqaoTBe 
o>yjinepeHOB. TexHHMecKo« asAaMeA 
naoopeTeHWfl flenflera Tatoxe oeecneMeHwe 
osMCTKM m paawejTOHMfl ojynnepeHOB b npouecce 

MX CMHTSSa. 

B ochobo M3o6peTeHMH jtokht Ha6nwweHMe ( 
hto MenocpeACTBeHHo hs anMaaa o>yjTnepeHH 
He o6pa3yiorca m npn Kaiotx ycnoBMfix, m 
HaooopoT, seM oonbuje b mcxoahom eeiuecTBe 
CQflepwrrcfl KpMcrannMMecKnx ^parweHTOB 
M rpa*HTOBoro w Tuna, to ecrb nnociwx 
reKoaroHOB C«, TeM Bbiuje bwxqa <frymepeHOB. • 
C/ieflOBaTenbHO. nepBMHHbiM CTponTeribHbiM 
MaTepwanoM Ann *ynnepeHOB aanflraTCfl He 
OAMHOMHwe aTOMbj win ManoaTOMHbie Knacrepu 
c MMonoM aTOMos MeHee tuecTw, a nnocKMe 
o>parMeHrbi KpncTaruiHMecKO« CTpyKrypw 
rpa^ma. TaKMe <})parMeHTbi o6pa3yiOTCfl npw 

aHSMMTe^bHO MeHbliJMX snepreTHM sckmx 
eoaaeflCTBHHx na BeiueoTBo, new 3to TpeoyeTc* 
An« aTOMnaau^nM, C arofl tomkm zpenvm 
M3BecTHbie cnoco6w cMHTesa <J>yroiepeHOB 
npuHunnwanbHO Manoacfxfx^KTMBHbi, tbk ksk b 
hhx 3HaMMTe/ibHan ^acTb npwno«eHHO« msbho 
unH o6pa3yiou4e«ca e xewe peaiajMM TennoBofl 
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3H6prnn pacxQAyeroH mmshho Ha aTOMHaauHio 
ymepoAa. 

B TO HCQ BpeMfl, K8K nOK83a^M SKOnepMMeHTbl 

Ha BpeM«-npon©THOM MaoocneicrpoMeTpe, 
BpeMfl xh3hm KpynHwx yrnepQflHbix KnacTepoB c 
MMcaiOM aTOMos n > 18 cocraarwer mohoq 10 mo 
(b BaKyyiwe). CneflpBaTanbHo, nnoTKocrb 
KnacrepoB AoruKHa obiTb ADOTaroMHO Mana 
wtoou ohm ycneriM aa Bpewa M8Hee 10 mc' 
npoasanMOfleflcTBOBaTb m o6pa30BaTb 
craenjibHyio saMKHyryw cTp/krypy cfrynnepena. 

HeooxoflMMwe ycnoBMH cmht©38 
flocTwrawTCfl e saxyyMe, eonw opraHwaoBaHu 

BCTpdMHbie nOTOKM • HH3KO0H©pr6THM8CKV1X 

KnacTepoB, SMMMTMpyeMboc c noeepxHocm 
HarpeToro rpacfrwTCQAepacai^ero TBepmoro Tana. 

TaKMM oopasoM, nocTaaneHHew aaaana 
pewaercfl T6m, mto b cnocoCe npon3BOAcrBa 
qtynnepeHOB, BwifOMatomeM o6pa3oaaHne 
ymepoflHbix KnacTepoB c nnoocofl 
r©KcaroHa/ibHo« CTpyioypoK nyreM HarpeBaHu* 
TBepfloCi ymapoAooAepjKamePi aaroroBKW ao 
TeMnepaTypu 3MMn™pyioineH noeepxHocTM 
4300±100°C, 6nn3Ko« k Tewneparype 
nnaaneHMw rpa*HTa, m nocneAyioiuMPI cMHTea ms 
hmx MoneKyn (fcy/inepeHOB, HarpeBaHwe 
3aroTOBKn n CMHTea MoneKyj) $ynnepeHOB 
ocymecTBnfliOT a BaxyyMe, npw aroM cmhtos 

npOMSBQOflT BO BCTpeMHOHanpaBJieHHbtX win 

nepeceKaiomwccfl noTowax yrnepojoHboc 
icnacTepoa. 

flpw draw HarpeaaHMe TeepfloPi 
ymepQflcoAepjKameR aaroTOBKw npoM3BOA«T. 

POSMOTMBHUM, WHAyWJMOHHblM, MaTHeTDOHHblM 
Jia36pHblM W1M HHbIM M9TQA0M, 

flnfl yBannMeHMfl Bbixofla qbyjviepeHoa 
aaroTOBKy npMBOAJrr a xoneoaHUfl co aayicoBofi 

MilM CBepX3ByKOBO« MaCTOTO*, npM 3TOM 

onTHMajibHbtM flnana30H HacroT npw HarpeBe 

COCTaBXI«©T OT 8 AO 40 K^. nO-BMflMMOMy, 3TO 

flaneHMe ooyonoeneHO o6pa30BaHneM ctormmx 
botih b aTMoc*ape napoB yrnepqna mto 
y/iymuaaT yonosMn eaaMMQAeflcTBMfl xnacrepoB 
flpyrcflpyroM. 

nocrraaneHHan aaaaMa peuiaeTcw Tatoxe tbm 
mto o6pa30BaHne BCTpeMHo-HanpaanaHHbix unu 
nepeoeKajou^nxcR noTOKoa ynnepoAHfeoc 
KnacrapoB npw HarpeBaHMM aaroToajcM 
AocTwraeTCA npKflaHMeM TBepAoR 
ymepQAooflepKameM 3aroTOBKe onei^anbHofl 
*opMw ( npw 3tom napannenbHbte unu 
HaxoAfl^ec« npfl HeoonbuiMMM ymaMM 
noaepxHocTM aaroTOBKM B3bhmho HarpeaatoTCH 
wanyMeHweM, m TeMnepaTypa mx 3HaHHTenbHo 
npeBocxoAMr TeMnepaTypy Ha bhowhhx 
noBepxHocTflx, a b cny^ae noBepxHocTHoro 
HarpeBa m TeMnepaTypy BHyrpM o6i>eMa. 

KpOMS TODD, 0flH0Bp8MSHHO O CKHT830M 

MoneKyn 4)ynnep©HOB npouiSBOflflT OTfieneHMe 
nx ot caxw. 

B MacTHocTvi, OTAeneHwe c^ynnepeHOB ot 
ca>KM npoMSBcwT nyTSM McnapaHiip 
cJjynnepeHOB M3 cOophmkob cawi npw 
HarpeeaHMM hx ao 700-900°C. 

KpoMo Toro, nocne OTAaneHMfl 0yrmepeHOB 
npon3BOAHT cOop 03Jkm ( OMeuiUBawT caxcy c 
nopoiuKOM rpa*MTa, npeccytoT na aro« cwecw 
HOByto saroroBKy m npocyujuBafOT ee e BaicyyMe. 

B MaoTHocm; npocyuiMBaHne saiOTOBKn 
ocymeoranntoT nocpeACTBOM ee HarpeBa b 
aaKyyMHo« xatuepe atr CMKreaa <})y/inepeHOB. 

noMHMo OTAeneHwa cjjynnepeHoe ot ccdkm 

OAHOBpeMSHHO C CHHT630M MOJlOKyn 

*yxtnepeHOB npow3BQA«T mx pasAaneHHe Ha 
$paa^M no MoneKynwpHOMy secy. 
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B wacTHOCTM, paaAaneHne cfyxuiepeHOB Ha 
<t)paia4MM npoM3BOA«T na Konnexropax, 
HarpeTboc o oSpasoBaHHOM TeMnepaTypHoro 
rpaAM8HTa or 400 ao 480°C. 

nocraaneHHaii saAasa pemaeTCfl TaiOKa tbm 
mto b yoTpoWoTBe atw cviHTesa cfwnnepeHOB,' 
BKniOMaKnueM aMMnep, BunoxiHeHHbift m 
TBepoo« yrnepoACOAep>»cau4e« 3aroroBKH 
no«eineHHO« b pa6oMyio xawepy, m cpeflOTBO 
Harpesa SMmrrepa c mctomhmkom 
OHepronnTaHMfl, pa6oMafl xaMepa BbmonneHa 
saKyyMHoR, oMwrrep nMeeT cfxx>My 
o6ecneHMBaK>myK> o6pa3oaaHMe 
BCTpaMHo-HanpaaneHHbix mjim nepaoeKaiotuMxcn 
noTOKOB yrnepoAHboc xnacrrepoB npw ero 
HarpeeaHMM, npvi stom ycTpoftcrao 
AonoriHdTejibHo CHaSHceHo cpeAOTBOM ncwaMM m 
nepeMemeHMfl aarorosxM m oTiokom KOHTponfl n 
ynpaBJieHMA HarpoBOM GMmrepa, 

Kpowe Toro, ycrpo«oTeo AononHMTenbHo 

CHa&KeHO OOOpHMKOM C80KM, yCTaHOBJieHHblM 8 

pa6oseft Kawepe. 

KpoMe Toro, ycrpoftcTBo APnonHMTenbHo 
cHawKOHo KonnetcropaMM (JjyjmepeHOB 
BbinojiHeHHbiMH c B03MO)KHocTbK) paaAaneHMfl' 
(fiynjiepeHOB Ha cppa^wn no Moneny/wpHOMy 
secy. 

B MacTHocTvi, c&ophmk caxoi BwnonHeH B 

BMAB AByx eMKOCTed, BbinonHeHHbDC B 8MA6 

Koneu m TepMocroflKoro MeTa/ura 

yCTaHOBneHHbOC KOHUeHTpMMHO OTHOCMTeJlbHO 

BepTMicanbHo • paonono>xeHHoro sMMTTepa.M 
paaAeneHHbix iwexfly coobfi xaapi^eBbiM 
Ko/ibLjpM, ooeoneMHBaiomMM narpeB eMKooTea 
AO laOO-aOOO*^, npw 3tom sepxHee Konbup 
coopHMKa aaKpbrro csepxy, a HHJKHee cnwsy 

MOnHCAeHOBblMM <J)MnbTpaMM O OTBepOTMflMM. 

B MacTHocTw, KonneKTopbi cJjynnepeHOB 
BwnonHeHbi b bha© AByx KOJieq na mbah c 
BepTMKaJlbHblMH KaHaxiaMvi, ycTaHoaneHHbix 
HenocpeACTBeHHo Ha BepxHioto n noA hwkhwio 

9MKOCTH c60pHMKa C£DKM. 

flnn yBanMMeHM* BbixoAa cfrynnepeHoa 
MCTOMHidK 3HepronwTaHM« BwnonHeH b bvw 
MCTOMHMKa nepeMeHHoro tokb c MacroTOft ot 8 
AO 40 tcty 

Ha 0nr. 1 M3o6pa>KeHa cxeivta npouecca 
npowaBOAPTBa QtynnepeHOB; Ha cpvir. 2 - cxeMa 
MOJieKynapHboc itotokob npw oopaaoBBHHM 
*yJwepeHOB a saKyyMe; Ha <pw. 3 - BoaMOKHbie 
BapwaHTw yrnepoAHboc aMMTrepoB h cnooo6w wx 
Boa6y)KAeHH5i: a) peaMCTMBHuH u b) 
MHAym^oHHwR HarpeB; na *w. 4 aaBwcHMocrb 
BwxoAa 0ynnepeHOB ot MacroTbi nepeMeHHoro 
Toxa npw a) peaMCTMBHOM w b) m Hjqy kljhohhom 
HarpeBe; hb 4>Mr. 5 H306paxceH0 ycrpoficTBo Ana 
CMHreaa, OTAeneHvw ot csjkh m pasAeneHHfl 
qtyruiepeHoe. 

CxeMa npoi^ecca npon3BOACTBa 
(pynnepeHos M3o6pa)KeHa Ha 0wr.1. 

riOATOTOBKa CMeoM BKnioMaeT 

roMoreHMaaHHio b Mtixcepe cmbcm hb 
rpaqbMToaoro nopoiuica, cam m ocraTKOB 
npeAbiflyiMe« aaroTOBKH. 

npeccoBaHMe aaroTOBOK b bhas uua«6 
ocyi4ecTBn«eTCfl Ha npecce. 

Cyujica aaroTOBOK npoM3BOAMTCfl cHaMana b 
aneiaponeMM Ha BoaAyxe npn TeMneparype 
400 C, a aaTOM HenoopeACTBeH ho b paooMeA 
KaMepe ycraHOBKH npw TeMnepaTypa 1000°C c 
OTKaHKott BWAanwiomvDccfi raaoB BaxyyuHbiM 

H3COCOM. 

CMHTea 4>ynnepeHOB a BaxyyMe npoMcxoAMT 
wejKAy napanne/ibHbiMH hjim HaxoAflu^HMHcn 
noA ymoM noBepxHocTAMH HarpeBaeMbix 
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SHepniM pacxoflyeTCfl mmbhho Ha aTOMnaauMio 
yrnepoAa. . 

B to we BpoMfl, K3K noKasanM 3Kcnepn mohtu 
Ha BpeMfl-nponeTHOM MacocneicrpoMeTpe 
Bpewin xokhm KpynHba ymepQQHwx KnacrepoB c 
HMcnoM aTOMoa n > 18 oooTaanflOT Menee 10 mc 
(b BaKyyMe). CneAOBaVanbHo, ruroTHocTb 
KnaoTepoB flpracHa ouTb AocTaTOMHo Ma/ia 
MTo6w ohm ycnanii sa apewa mbhbo 10 mc* 
npoBsaMMOflaRcTBOBaTb h oCpasoBarb 
craevtnbHyio saMKHyryio crpyicrypy cfrynnepeHa. 

Heo6xoflMMwe ycnoBwa cMHTeaa 
AocTwraioTCR e BaKyyMe, earn opraHMsoBaHbi 

BCTpOMHbie nOTOKM HMSKOBHdpTdTMMGCKMX 

KnacrepoB, 3MMHTnpyeMboc c noBepxHoc™ 
HarpeToro ipa^wTcoAepwsuMero TeepAoro Tana. 

TaKMM oopaaoM, nocraBneHHafl sa^asa 
petuaera reM, hto a cnocoOe npon3BOACTBa 
4>yjuiepeHOB, BicnioMatomeM oopasoaaHMe 
yrjiepoflHbix KnacrepoB c rtnocKofl 
rencaroHanbHoW crpyicTypoH nyreM HarpeaaHwi 
TBepflPfl ymepwoAep>Kamefl aaroTOBKM ao 
TeMnepaiypw 9MMMTnpyiot4eiH noeepxHOCTw 
4300±100°C, 6nM3KO« k TeMneparype 
rinasneHMfl rpacjDura, m nocnefly»oinMft cnHTe3 M3 
hmx Monexyn cty/i/iepeHOB, HarpesaHMe 
saroTOBKM h CMHTea MoneKyii 4>yruiepeHOB 
ocyiuecTBnfliOT b BaKyyMe, npn otom chhtg3 
npowsBpAflT bo BcrpoMHo-HanpaBineHHboc win 
nepeceKaioiuMxcH noTOKax ymepotDHbix 
KnacTepos. 

Opa 3tom HarpeeaHMe TBepAoi* 
yrnepQACOAep)Kau^e« saroTOBKH npon3BOAflT 

PddMOTMBHbJM, MHflyKUMOHHbIM, MamerpOHHbIM, 

xiasepHWM wnw mhum m©toaom. 

fin* yBanwHeHun Bbixo^a 4>ynnepeHOB 
aaroTOBKy npMBOAAT b Kone6aHM* co SByKosoPI 

HHM CBepX3By«0BO« MaCTOTOW, npM 3TOM 

ohTMManbHbiW AManasoH HacroT npw HarpeBe 

COCTaB/WeT OT 8 AO 40 KTL*. llO-BHAMMOMy, 3TO 

naneHvie ooycnoB/ieHo oopa30BaHneM ctojwmx 
bojih b aTMOcct>epe napoB ymepoaa, mto 
ynymuaeT ycnoBun BaawMOAeflcTBM* KnacrepoB 
APyrcApyroM. 

nocraB/ieHHaw 3€«aHa peuiaeTcn TaxHce TeM, 
hto o6pa3oeaHne BCTpeqHo-HanpaBneHHbtx win 
nepeceKaioajMxca noroKOB ymepoAHbix 
KnacrepoB npw HarpeBaHMu saroTOBKM 
AOCTMraeTcn npnAaHweM TBepAoH 
ymepoAcoAepjKaujefl aaroTOBKe cneuwanbHoPi 
4>opMbi. Hpn 9tom napamienbHbie mvt 
HaxoAHujMeca noA HeoonbUJKMW yrnaMw 
noBepxHocTn saroTOBKH &3attMH0 HarpesawTCfl 
nanyMewneM, w TeMneparypa mx SHaMwenbHO 
npeeocxoAMT TeMnepaTypy na bhsujhwx 
noBepxHooTflx, a b cnynae noeepxHOCTHoro 
HarpeBa n reMneparypy BHyrpH oe-bawa. 

KPOMG TOTO, OAH0BpeM8HHO O CMHT030M 

MoneKyn 4>ynnepeHOB npoKSBOflm- oTAanenue 
mx ot caxw. 

B MacTHocTM, OTAeneHMe o>y/inepeHOB or 
cam npon3BOAflT nyreM McnapeHvm 
(JiyjviepeHOB m ooophmkob caxoi npw 
HarpeBBHHM mx ao 700-900 °C. 

KpoMe Toro, nocne OTAaneHM« cfjynnopeHOB 
npoM3BOAHT oSop caxcki, cMauuMBaior caxy c 
nopoaiKOM rpac^MTa, npeccytor M3 aroft cMecw 
HOByw saroroBKy m npocyujMBaioT ee s BaKyyMe, 

B MacTHocTH, npocyujMBaHMe saroTOBKM 
ocymecTB/miOT noopeACTBOM ee HarpeBa b 
BaKyyMHoft KaMep© aha cnHTeaa cfryjuiepeHOB. 

HoMMMo oTAaneHMfl ct>yrmepeHOB ot cewoi 

°AH0BpeM8HN0 C CMHT830M MOnSKy/l 

o>ynnepeHOB nponsBOAflT mx pasAaneHne Ha 
o>paiqMn no ManeKynapHOMy Becy. 
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B HacTHOcTH, paaAeneHMe ct>ynnepeH09 Ha 
*paKMnn npowsBOART na KonneKTopax, 
Harperbtx c oepasoaaHMeM TSMnepaTypHoro 
rpaAMBHTa ot 400 ao 460°C. 

nocraBneHHaw saAa^a peuiaeTcsn raiace tbm 
mto b ycrpo«0TBe Ann cwHTeaa <t)yiulepe^^0B, , 
BKntoMaioi4eM oMwrrep, BbinonHOHHufi v& 
TBepAott yrnepoADOAepjKauied aaroroBicM 
nowemeHHOw b pa6o4yio KaMepy, h cpeACTBO 
HarpeBa aMwrrepa c mctomhmkom 
OHepronnraHMJi, paooqaji xaMepa BbinonHeHa 
BaKyyMHOH, aMwrrep kiweer <bopMy, 
o6ecneMMBaiou;yK> o6pa30BaHwe 
BcrpeNHo-HanpaBneHHboc win nepeceKaK>u*nxca 
noroKOB ymepoAHbix KnacrepoB npw ero 
HarpesaHnn, npn 3 TO m ycTpottorao 
AononHHTejibHO CHa6«eHO cpeACTBOM noAa^M \a 
nepeMemeHMfl saroroBKM m ojiokom kohtdqtw m 
ynpaBneHMfl HarpeBOM ownTTepa. 

KpoMe Toro, ycTpoftcrso AononHMrenbHO 

CHa6)WaHO COODHMKOM CaXH, yCTaHOBJISHHblM B 

paoo^eft KBMepe. 

KpoMe toto, ycTpoRcTBO AononHnrenbHo 
cHaoxeHo KojineicropaMw 4ynnepeH0B. 
BbtnonHOHHbtMM c B03MO)KHocrbio pa3AeneHMfl' 
4>y/]nepeHOB Ha cppajquw no Moneicy^pHOMy 
Becy. 

B MaCTHOCTM, COODHHK CdJKM BbinOJIHOH 9 

bma« Aeyx eMKocrea, BbtnonHeHHboc b BHAe 
Konei^ M3 TepMocrottKoro Meranna 

yCTaHOaneHHbDC KOHt^eHTpHMHO OTHOCMTenbHO 

BepTHicanbHo pacnonoxeHHoro aMMrrepa.M 
paaAexieHHWx Me>Kfly co6o« KBapt^eBWM 
KonbuoM, ooecneMMBaKHUMM HarpeB eMKocrePI 
AO 1200-2000°C ( npn 3tom BepxHee Konbuo 
ccopHMKa aaKpbiTo caepxy, a HWKHee CHM3y 

MOnM6flOHOBblMM (frWlbTpaMM O OTBdpCTMflMH. 

B MacTHOCTM, KonneKTopbj 4>ynnepeHOB 
BbinonHeHw b bmas AByx Konet4 M3 mbam c 
BepTHKajibHbiMM KaHaiiaMtri, ycTaHoaneHHbix 
HenocpeACTBOHHo Ha BepXHKMo m noA hmjkhiok) 

OMKOCTM COOpHMKa OEDKM. 

flnn yBenwem* BbixoAa o>ynnepeHOB 
mctomhmk aHepronMTaHwi BbinonneH b bha* 

MCTOMHMKa nep6M6H HOTO T0K8 C MaOTOTOfl OT 8 

AO 40 Krq. 

Ha o>nr. 1 M3o6pa>KeHa cxeMa npoqecca 
npotiaBOAcrsa c|)ynnepeHOB; Ha <Jwr. 2 - cxeMa 
MoneKyjwpnbix noTOKoa npH oCpaaoBaHMM 
(JjynnepeHOB b BaKyyMe; Ha 3 - BosMOWHbie 
BapwaHTbi ymepoAHbix aMMTTepoa h cnocoou wx 
BO36y>KA0HMfi: a) peancTviBHbi« n b) 
MHAyKUMOHHufl narpeB; Ha 4>wr. 4 saancHMocrb 
BbocoAa o>ynnepeHOB ot Macrorw nepeMOHHoro 
Toxa npw a) P63hctmbhom n b) h Hfly khhohhom 
HarpeBe; Ha 5 M3oepa)KeHO ycrpoficTBo aha 
cnHTesa, oTAeneHMfl or caw* h paaAeneHHit 
0ynnepeHOB. 

CxeMa npoLjecca npoH3BOAcraa 
4>ynnepeHOB H3o6paxeHa na *wr.1. 

nOATOTOBKa CM6CM BKntoMaeT 

roMoreHMaai^io a MMKcepe cmocm M3 
rpacJ)MTOBoro nopotuKa, cami m ocraTKOB 
npeAWAyiAeR 3aroT08Kn. 

npeocoBaHMe saroTOBOK b bhas mam 
ocytAecran^eTCR Ha npecce. 

CytuKa saroTosoK npon3BOAMrcn cHawana a 
ajieKTponeMM Ha eosAyxe npw TeMneparype 
400 °C, a sbtom HenocpeAOTBeHHo a paConeR 
KaMepe ycraHOBKM npw TeMneparype 1000°C o 
OTKa^KoM Bbwe^nioiAMxcfl ra30B BaicyyMHbiM 

HaCOCOM. 

CMHTe3 4>ynnepeHOB b BaKyyMe npowcxoAHT 
MejKfly napajinanbHbiMH mhm HaxoAflujfriMuca 
noA yrnoM noaepxHocTflMH HarpeaaeMbix 
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aaroTOBOic 3o>o)eKTMBHoe BMMMmpoBaHMe 
MeTacTa6njibHbix KnacrepoB Cn, rfle n 2-18, 
HaMHHaera npw 1^4300*1 00°C, mto CnnsKo 
k TeMnepaTypa nnaBneHM* rpa^nra. 

3MMMTMpyi0lHM8 n0B8DXH0CTM B38MMH0 

HarpeBawTCfl ManyweHMeM (cjwr. 2) jap 
TeMnepaTyp T 2 , T 3 > 4300°C. 
ToMneparypa Ha hmx npeBoexoflwr TeMnepaTypy 
kbk Ha Hapy)KHbix noBepxHocTfw saroTOBKM (T ), 
KOTopwe TepflioT Tenno 3a cmst wany^eHHw, Taic 
m BHyrpM o©b9Ma aaroTOBKM (T ), icy^a ho 
npoHMKaeT Harpesaiomaa aHeprwi. Bo 
MsGejKaHMe nonHoro paapyweHMJi aMmepa 
npoLteoo cMHT83a (frynnapeHOB jaonweH 
npoBOflMTbCfl AOcraTOHHo gbiorpo, mo5bi 
cpoflHJw TeMnepaTypa SMurrepa Ha ycne/ia sa 

CMBT TdnnonpOBOAHOCTH CpaBHflTbCfl c 

TBMnepaTypaMH Ha aMMMTwpyiomwx 
noaepxHocTfix. Oto Tpe6oBaHue flpcTMraeTCfl 

npM ycnOBMHX AOOTaTOMHO paSBMTOR 
nOBBpXHOCTM 3MHTTdpa M flOCTaTOMHO 60J1bUJO« 

MomHQCTM ncTOMHMKa BHepronMTaHMfl. B 
pesy/ibTare nponcxoflUT onnaaneHMe TonbKo 
aMMidTHpytou^MX noBepxHOCTert n npeBpaupHHe 
b cJiynnepeHbi, a MOHee Harpe-rue Macrw 
SMwrrepa coxpaHflwrca b tbgbaom aMflo h Moryr 
6WTb WCnOJlb30BaHW B KaMeCTB© cwpbfl aha 

noBTopHoro cwHresa. KoHKpeTHbie 3H8hbhm$i 

nOflBQAMMOfl MOL^HOCTU M BD8M6HH CMHTeSa 

onpaAarmtoTCfl <J)opMoW SMurrepa m cnocoooM 
noflBOfla OHeprMM h Moryr BapbHposarbca b 
npaAanax ot 100 kBt m Bbtiua m ot 10 ao 60 c. 

npM 3T0M 10-70 MBOCW BMWTTepa MODKeT 

npeBpaTWTbCfl b apywiepeHooAepjKaiuyio oawy c 
cqflepjtcaHMeM none3Horo npoflyicra 6-20% m 
Bbiwe. 

(IpMMep 1. 3aroTOBKa M3 paawropHoro 
rpao)wTa Maccofl 127,3 r, cjjopMa kotodo** 
npuseABHa Ha AwaMerpoM 60 mm, 

bwcotoH 30 mm 6bina noMeineHa b 
BOflooxnajKOaeMbiW HHflyicrop b eaKyyMHoft . 
KaMepa. B KaMepe 6bm flocrMmyT BatcyyM 
10 mm pr, ct. nocne Hero Ha MHflyiorop 6bino 
noflaHo HanpflweHwe 700 B npw roice 300 A c 
MaoroToR 10 k(~h. Mepea 10 o TeMnepaTypa Ha 
HapywoW noBepxHocTM 3aroroBKH flpcTKma 
4000°C, a Ha BHyrpeHHHX noBepxHOCTfix 
KonbueBbix khhsbok 4360°C. Hepe3 10 c 

HCTOMHWK nMTaHMfl 6bWl OTKntOMSH H KaMdpa 

cxnaxcAeHa, a 38T6M paasajc/yMMpoBaHa m 
OTKpbiTa. Macca ocTanca 3aroTOBKw cocraBMna 
64,7 r, a co crreHOK KaMepbt Gbi/io ooCpaHO 
MexaHMMectcwM cKpe6KOM 54,4 r nopoaiKa 
TeMHo-KopMMHBBoro i^BdTa cne/jywiqero 
oocraBa, r: TBepAwe ho pacrraopuMbte b Tonyone 
npMMecM 43,2; Ceo 10,8; C 70 0,13; cyMMa 
BbicuiMX 0yrniepeHOB 0,27. 

ripMMep 2. 3aroTOBKa H3 peaicropHoro 
rpa<t)MTa Maccofl 17,4 r, 4x>pMa KOTopoW 
npwBWHa. Ha $nr. 3a, /^8M8TpoM 4 mm, 
BbicoTofl 100 mm nocne npaABapwTenbHoro 
nporpeaa npw 1000°C 6wna noMemena b 
BaKyyMHyio KaMepy npw flaaneHMM 10 mm pr, ct. 
Ha aaroTOBKy Meps3 BaKyyMHue KOHTaxTbi 6b»no 
nooaHO HanpfwceHna 60 B npw tokb 400 A c 
HacroToft 50 Kru Mepea 5 c TeMnepaTypa Ha 
HapyxHofl noBepxHocTM aaroroBKH flooTwrna 
4000°C. a Ha BHyTpeHHUx noBepxHocm 
KO/ibuesbix KaHBBOK 4300°C. Mepea 10 c 

WCTCWHKK riMTaHMR 6blH OTWIfOMSH M KaMdpa 

oxna>KAPHa, a aareM paaBaicyyMHpoBaHa h 
OTKpwTa. Wacca ocTanca saroroBKH cocraBkina 
15,3 r, a co otohok KaMepu h tokotiqaboaob 
6bino coSpaHO 1,5 r nopouiKa MepHoro qaeTa 
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cnaoyioujero oocraBa, r: TBepflbie hq 
pacTBOpuMbie b Tonyone nprnwecn 1 t 3; 
C ao 0.16; C70 0,11; cyMMa bwcujmx <t>ynnepeHOB 
0,02. 

Ha npatcTMKe cmht63 mcvkbt ocytuecTBnmbcn 
b ycnrpoflcTBe, M3o6pa)K8HHOM Ha iwr.5. 

OCHOBHO« MaOTWO yOTpOftOTBa flBJW9TCH 

BOAOoxna>KAaeMaA KaMepa 1 wa HepxoBetoiuePi 
cranH, s ueHTpe kotodoA pa3M8iHaeTCfl 
HarpeBarenbHbitt oneMeHT 2, HanpHMep, 
Konbi^eBon BOAooxna^naaMbi^ MHAyKTop hs 
no ecu HarpeBaTenbHoro aneMBHTa 
MHfly(cropa nepeMeiuaeTCfl smmttop 3, 
npaACTaanfliomHft co6o« orep^eHb, 
cocraBnaHHbin M3 iuaPI5-3aroTOBOK m 
o>MKCMpyeMbiM caepxy h CHMsy AapxarejiSMM 4. 
napeMemeHHe ocymecTsnaeTCfl c noMombio 
MdxaHHSMa 5 noftami 3aroTosoK. KaMepa 
BaKyyMwpyeTCH, npvweM ABtwcaHtie aaroTOBOK 
npowcxpoMT oes HapyiueHMfl aaxyyMa 
6rtaroAap« McnonbsoBaHMW cwnb<J)OHOB 6. 

npw BKnioMeHMn HarpeBaTenbHoro aneMeHTa, 
HanpuMap npw noowno^HHw MHflyKTopa k 

MOlUHOMy BblCOKOMaOTOTHOMy MOTOMHMKy T0K8, 

nponcxoflHT paaorpeB Hapy)KHbtx noaepxHocTePt 
ujafl6, HaxQflRinHxcfl BHyTpvt HarpeBaTenbHoro 
aneMeHTa, HanpMMep nHflyiaopa. MexaHH3M 5 
nepeMemeHMfl ocyiueoTBrweT abvokshus 

SarOTOBOK O TatCOfl CKOpOCTblO, MT06bl BHetllHMe 
HaCTM UJa^6-3ar0T0BOK nOMTM nOXIHOCTbK) 

McnapunMCb, a BHyrpaHHue Ha ycnanw npw otom 
pacrmaBMTbCf!. B nonocTHX, o6pa30BaHHbix 
Bbicrynaiou^MMM Kpa^Mn uiai^e, nponcxcwiT 
HHTeHCMBHoe o6pa3QBaHne ojy/inepeHOB m 

Ca)KH. 

nocne McnapoHHa 50-70% BemecTBa 
McxQAHoa aaroTOBKM MCTOHHMK 3HepronMTaHMfl 
oTiowoHaera, m xaMepa oxna*/vaeTCfl m 
pa3BaicyyMnpyeTc«. KpHesHbiM npoflyicroM b 
btom cnynaa WBJifteTCH o>ynnepoHcoflepjKamaff 
ca>Ka t KOTopa« yAanfleTCfl M3 KaMepbt 

MBXaH MM6CKHM CHOOOOOM. 

npM HeoGxoflMMocTM nony^eHMfl MMCTOW 
cMecH o>ynnepeHOB oTflanbHo ot caxa* b Kawepy 
1 ycraHaanHBaioT BepxHH* 7 m hvdkhmA 8 
coodhhkm caKM, npaflCTasnflioiuMa C060PI 
eMKOGTM M3 TeDMOCToRicoro MeTanna, HanpHMep 
eonbo>paMa, b bhab Konai^. B i^anwc CHUKSHem 
norepb anexrpoMarHMTHofi 3Hepmn cOophmkh He 
MMeioT Me)K0y coSovi ranbBaHvwecKoro KOHTaxTa, 
0AHa«o HarpeBawTOfi HarpeBaTenbHbiM 
aneMeHTOM 2, Hanpniwep HHAyKropoM, ^epea 
KBapt^BBoa KQftbijo 9. TonmnHa KQnbHa 
noA6npaeTcn TaKHM o6paaoM, MToCbJ a 
npouecce OMHreaa coopHMKM HarpaaanHCb flo 
1200-2000°C. BepxHMtt coodhmk 7 aaKpbrr 
CBepxy, a HWKHHft 8 cHuay Monn6AeHOBbJMn 

<J)MnbTpaMM 10 C OTBepCTMflMM 10-100 MKM. 

npw cmht©30 oKono 00% cam cKannMBaera 

B HmKHBM COOpHMKe, OCTanbHafl B BOPXHBM. npH 

yicasaHHott TeMnepaTypa nponcxoAHT 
cy6nnMauwfl 4>ynnepeHa m ero AMa>a>y3Wfl 
c»cB03b ca)»cy k mghbq HarpeTWM mbctsm KaMepbf. 
TaKHM o6pa30M, nponcxoAMT HaKonneHwe caxoi 
b ooopHHKax, tow K3K 4ynnepeHbi 
KOHfleHOipyfOTCfl Ha creHKax KaMepbi, oncyfla 
ohm mop/t 6biTb y/iansHW MexaHMMecKMM 

CnOC060M. KOHBMHblM npOflyKTOM 3flBCb 

wanfleTCf? cMecb (fcynnepeHOB C w , C70 m 
Bbicwux, a TaioKe ca^Ka, npwroAHa^ aha 
AanbHeRiuero ncnonbaoBaHvin, b tom Mwcne An» 
cneflyiou^ero uyiwa 0MHTe3a. 

npH HeOOXQAMMOCTH MONC0T OblTb 

npovtsBafleHo paaAensHHe o>ynnepeHOB Ha 
Q>pa«UHM no MonexynflpHMM BecaM. flnfl ototo b 
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KBM6py 1 H a CCopHMKM C&KM 7 M 8 

yoTBHa^MBaK)TOfl BepxHue 1 1, 12, 13 m hmjkhho 
™» 15, 16 KonneKTopw (fcynnepewoB, 
npwTaanfliomMd coOofl Kom>ua m mbam c 
BepTMKanbHbiMw kaHanaMH. KonneKTopw 
HarpeBaiora 3a cmot TeroionpoBQAHocTM ot 
o6opHMKoa caxcw, m BAonb wx Kana/ios 
o6paayeTCR rpaflweHT or 480 or 400 °C. 

13 npoLjecce CMHTesa napbi cf>yjuiepeHOB m3 
coopHMKoa ca*n npoxoA*r Mepea Kananu 
KonnoKTopoB cfey/wepeHOB m KOHABHCMpyioTCfl b 
HV * 8 cooTBeTCTBMM c hx TeMnepaTypaMM 
cyeriHMauMw, KOTopwe saBHcai ot 
MoneKy/wpHoro Beca. Ha 6jim*hmx KonneicTopax 
13 m 14 K0HA9HcnpyeTca cMecb bbicujmx 
<|>yjinepeHOB C 76 . Cg2 m Apyrwx Ha KonneicTopax 
12 h 16 C 70) Ha Konnetcropax 11 n 16 Ceo 
Kohomhumm npoflyiaaMn aweob nanaioTCfl carca 
Koropyio mokho McnonbsoBaTb npn 
nocneflyjomeM cmht©38, m yKaaaHHwe <bpamm 
4y/mepeHOB, ^ 

PaCoTa yoTpoflCTBa ana npowseoACTBa 
*yjjriepeHOB wuKocrpMpyarcn npuMepaMu. 

npMMep 3. flna CMHTe3a Owna nqnroroBneHa 

CMSCb M3 40% OCTBTKOB ddfOTOBOK OT 

npQAbwyiuero cwHTeaa, 40% cam, nonyqeHHoB 
npw cMHTese, w 20% 00060 mmctoto 
rpa^MTOBoro nopowraa. CMecb fena 

rOM0r9HM3t4pOBBHa B MexaUMMeCKOM MMKcepe M 

ms nee 6wna cnpeoooaaHbi aaroroBKM b B«ne 
uja«6 AMaiwerpoM 80 mm, bucotoA 30 mm 
Maocoa 130 r Ka*aaa, npeccoaaHue ' 
ocy^eoTannnoob Ha MexaHMMecxoM npeooo c 
ycwineM 30 r. Wa&dbi <5wn nporpeTw b 

3J18KTpM4eCK0fl flOMH fipii 400°C. 

H3 16 iua*6 o6meR Maocofl 2080 r 6btn 
oocraaneH crepxceHb h noMemeH b Kaiwepy c 
MHflyKTopoM AMaweTpoM 100 mm. KaMepa 6una 
3aKpbrra m BaKyyMwpoBaHa ao 10* 6 mm pt.ct. 

Mepea 10 c noone noAKntoneHMfl mctohhwo 
aHepronmaHMfl 100 kBt, 10 kT 4 6wn npHaeaeH b 
ABMXQHwe MoxaHHSM 5, KOTopwfl nepeMeuian 
3aroTOBKy CHuay BBepx Mepea HarpeBaTenbHuR 

3TOMeHT«HflyKTOp OO CKOpOCTbK) 500 MM/MHH 

nocne npoxo*AeHHH sceft aaroToaxw Mepea 
HarpeBaTenbHwa aneMeHT-MHAytcrop. mctomhmk 
oHeprontrraHMfl 6wn oncnioMeH, KaMepa 6wna 
nOBTOpHO OTfOMaHa ao 10*® mm pt.ct. m Ha 
HarpeBaTenbHbiH 3/18m©ht-m HAy tcrop ©wna 
noAaHa MoiAHocTb 260 kBt. Mepea 10 c c 
noMoiubw M6xaHi43Ma nepeMeu<eHHfl aaroTOBKa 
ewna BKOBb npoBaAena Mepea HarpeBaTejibHbifl 
aneMeHT-MHAyKTop b HanpaaneHHM csepxy bhms 
c to« )ice cKopocTwo. nocne npaxoKnenvw BcePi 
saroTOBKM qepes HarpeaaTenbHbt« 
aneMeHT-MHAyKTop mctomhmk BHepronwraHMfl 
own OTKM0M6H, KaMepa oxnaKABHa h 
pa3BaKyyMMpoBaHa. 

H3 KSMepbl 6bUlM M3Bn6M6Hbl 0CT3TKV1 

3aroT08KM o6iAe« Maccort 810 r ii 
(^nnepeHcoAepxcauiafl caxa c uenwm 
oonoMKaMM aaroTOBKw oGu\ePi Maccof* 1260 r 
Ca*a cocTowna M3 79% He pacTBopviMbix s 
ranyone TBepAbtx KOMnoneHTOB: 20,2% C^, 
0,4% C 70 m 0,6% cmsch bwcuimx 4>yjvtepeHOB. 
flpMMep 4. Hcnojib30Banncb re we 

3afOTOBKM, HTO M B npHMBpe 3. OAHaKO B 

raMepy 1 6binn ycraHOBneHbi c6ophmkm ca)Kn 7 
h 8. Cmhtbs npoBQAwncw b tom m pexoiMe, mto 
n b npMMepe 3. 

nocne oTKpwTMfl KBMepbi Cbino HsaneMeno 
805 r ooraTKOB saroToatcvi, H3 oSophmkob csokm 
980 r cbjkm, ho coAepxcamett cJynnepeHOB, a co 
ctohok icaMepu m BHyTpeHHMx A0Tanefl 290 r 
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MepHO-KopMMHOBoro nopouiKa cneAyioiuero 
cooTaBa: 9,2% He pacTBopMMboc b Tonyone 
TBepflwx KOMnoneHTOB, 86,4% Ceo, 1.8% C 70 m 
2,6% CMecM Bwctuvtx (JjynnepsHoa. 

npMMep 6. HcnonbaoBanncb Te xce 

SarOTOBKM, MTO M B npHMBpe 3. OAHaKO B 

»®Mepy 1 6wnn ycTaHOBneHW kbk c6ophww 
cawi 7 m 8, TaK m KonneiaopbJ 0ynnepeHOB 
n-ie. Cmht83 npoBOAMncn b tom ko pe>KMMe 
mto m b npwMepe 3. 

nocne oTKpbiTMA KaMepta 6bino MsaneMBHo 

807 r OCTaTKOB 3ar0T0BKM, M3 C60DHMK08 C8JKM 

978 r cawM, ne coAepxcauieft *ynnepeHOB. c 
KonneKTopoB q^ynnepeHOB co6paHu npenapanj 
Macca m coctbb KdropbDc npHBeABHW a TaenMue' 
KpoMe Toro, c BHyTpeHHux AeTanefl m ctbhok 
^Mepw 6wno co6paHO 10,6 r cmbcm M3 50% 
4>ynnepeHOB, 45% gwkja v\ 5% o6noMKos 

<TynnepeHbi, cymecTBOBaHMe KOTopbix 6uno 
ycraHOBneHo b cepeAMHe 80-x toaob, a 
3(|xpeicTMBHaB TexHonom« nonyMeHMfl 
paspaCotaHa s 1990 r, mmbiot oonbuioe 
npnicnaAHoe aKaneHMe. 

HHTepeo k MccneAOBaHMWM (jjyjuiepewoB 

CBBSaH, C OAHOR ©TOpOHbV UJMPOKMM 
pa3H006pa3MeM HOabOC *M3MKO-XMMMMeOKMX 

flaneHMfl, KOTopwe npoMcxoAfrr npn yMacrxM 
wnnejwHos, a c APyro« cropoHbi 
MHoroo6pa3HWMM nepcnetcTMBaMM npMKnaAHoro 
Mononb30BaHM« aroro hoboto xnacca bbimbctb 

Pe3ynbTart»j MocneAOBaHM«, BbinonHeHHbix b 
nocneAHMe roAbi, yKa3WBaioT Ha anaMMTenbHwe 
nepcnexTMBbi McnonbsosaHMH ^ynnepeHOB m 
MaTepManos Ha mx ochobb b paanMMHbix 
oonacTax nayw m TexHonoim TaK 
Mcnonb30BBHMe cJ)y/mepeHOB e KasecTBe 
npwcaAKM k CMaaoMHOMy Macny cyiMecTBeHHo 

(AO 10 pas) CHMKadT K03<t3<|)MHMeHT TpeHMfl 

MeTannMMecKMx noBepxHocreR m 

C00TB6TCTBQHH0 HOBblUjaeT kttHOCOCTOflKOCTb 

ABTaneft m arperaroB. OynnepeHbi Moryr 

MCnonbSOBBTbCfl TaiOKO B KaMBOTBe OCHOBW aha 

npoMSBOAOTBa BKKyMynflTopHbix 6aTapePI 
oenaAatoiAMx Bonee bwcokoA a4xt>eKTMBH0CTbK) 
ManwM B6C0M, a ra»Ke aKanorMMecKo« m 
caHMTapnoa 6e3onacHocTbio no cpaBHeHMio c 
coBpeMeHHbiMM awcyMynflTopaMM. 

Aktmbho pa3pa6aTWBa»OTCH Taiwce Apyroe 

B03MOKHOCTM KOMMepMBCKMX npMMeHBHMR 

q>ynnepeHos, CBasaHHbie, b M3cthoctm c 

pa3pa60TKOtt HOBbJX KOMnOSMUMOHHblX 

MaTepnanoB, co^AaHMBM Kpacwraneft nn« 
KonMposanbHboc annaparoB, 4)OTonpMeMHMKOB 
aneMOHTOB naMam m onroaneiCTpoHHbix ' 
ycrpoCtetB, anM83Hbix m anMa3onQA06Hbix 
nneHOK, JieicapcTBeHHbix npenaparoe 
cBepxnpoBOAfliAMx MaTepnanoB m aP- OcoCoro 
BHMMaHMe sacnyKMBaeT npodnewia 
McnonbsosaHMfl cfywiepeHOB b MeAMUMHe m 
cfjapMaKonorMM, oco6bhho mab« co3AaHM« 
npoTMBopaKOBbtx npenaparoB Ha ochobb 
BOAopacTBopwMbtx coeflMHQHUM (JjynnepeHOB. 

B HacTOHinee epeM5» ojupoicoe BH9ApeHne 
TexHonoroft, wcnonbsyioiAwx 
<t>ynnepeHO0Aep)KaiHKe MaTepnanbi, 

3aTpyAHBHO B CBA3M C 0TH0CMT6JlbH0 BWCOKOfl 

CTOMMOcTbio stmx MarepwanoB, 

npeAnaraeMwfl cnocoa npow3BOACTBa 
*ynnepeHOB He mmbbt npMHqMnManbHbix 
orpaHMMeHMM no npon3BOAMTen bHocm M 
ooeoneMMBaer 6e3OTX0AHbitt m axonorMMecKM 
mhctw^ npouecc CMHTB3a <J>ynnepeHos. 

«t>opMyna nao6peTeHM«: 

1. Cnoco6 npoM3BOAC5TBa Q^ynnepeHOB, 
BxnioMaiou^MR oCpasosaHne ymepoAHbix 
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KfiacTepoa c nnocKoH rexcaroHajibHotf 
cTpyKTypo« nyTeM HarpesaHMfl TBepnoa 
ymepQflcxwepjKau^efl aaroTOBKM m 
nocn^fly»iMM« cmhtos m hux MoneKy/i 
cpynnepeHOB, oniMMaioiaMJtofl tbm, mto 
HaipeeaHMe saroTOBxw aeflyr op Tewnepaiypu 
aMvrrrwpyioujetf noBepxHooTM (4300 ± 100)°C h 
CMHT03 MoneKy/i cfry/uiepeHOB ocyujecTanaioT b 
BaKyyMe, npw 3tom cmht63 nposowRT bo 
BcrpdMHo HanpaBneHHbtx win nepeceKaiouiMxcfl 
noroKax ymepoAHboc wiaciepoB. 

2. Cnooo6 no n.1, OTfWMaiouiMflca tom, mto 
HarpesaHMe TBepfloB ymepqflpoflepKauiefl 

3ai"OTOBKH npOMSBCWT P03HOTMBHWM, 
MHflyiqWOHHblM, MJ1H MQrHdTpOHHblM, W1M MHbtM 
M9T0A0M. 

3; CnocoC no n.1 win 2, oTjiMMawiUMflcfl tbm 
mto HarpeBaHne ocymecTBnajoT c 
ncnonb308aHMBM nepeiweHHoro aneicrpMMecKoro 
Tona o HacroTofl 8 40 kTU 

4. Cnocoo" no n.1 ww 2, oTnwattu^fe? tbm 
mto TBepAofl yrnepoflcoflepKaiuefl aaroTOBfce' 
npnfta»T cf>opMy, o6ecneMMBa»ouiyK) 
oopaaoBaHwe bctdbmho HanpaaneHHbix mm 
nepeceKajomwxca rotokob ymepQAHwx 
Knacrepoa npw ee HarpeBSHMM. 

5. Cnocoo* no n.1, OT/iMMatomii&cfl tbm, mto 

OAHOBpeMOHHO C CMHT03OM M0J16KVJ1 

(pynnepencB npoi*3BQaaT OTfleneHue hx or 
ca>KH. 

6. Cnoco6 no n. 5, OT/iMMaK>mnflcfl reM, mto 
OTaanewe qtyuiepeHOB ot caxot npoMasoAnT 
nyTeM ucnapeHMfl qtynnepeHoa m coopHWcos 
ca*n npn HarpeBaHKM hx flo 700 900°C. 

7. CnocoG no n.5 win 6, OTnwMaiomMfloa tsm 
mto nocne OT/jeneHMfl qtyuiepeHOB npoM3BQART 
C6op C»KM, CMOIUMBaiCT ca*y c nopoojKOM 
rpa*MTa, npeccywT U3 stoA cmscm HOByio 
saroTOBKy m npocywwBaiOT ee b BaKyyMe. 

8. Cnocoo* no n,7, ornmatomtAftoa tqm, mto 
npocyujMBaHMe 3arooBwi ocymecranflfOT 
nocpeflCTBOM ee Harpeaa b BaicyyMHoPi KaMepe 
An« CMHTe3a <t>yjinepeHoe. 

9. Cnocoo" no n.1, onwMaiomMGica tom, mto 

QflHOBp0M6HHO 0 CMHT630M MOJieWJI 

qynnepeHOB npoti3BQAflT mx pasflejieHMe Ha 
cf>paioinM no MoneKyrwpHoft Macoe. 

10. Cnooo6 no n. 9, oTjiMMaiomnflcH tbm. mto 
pasae/ienae qtynnepeHOB Ha G>paicmiM 
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npon3BOAflr Ha KQjinetcropax, HarpeTbix c 
oSpasoBaHvteM reMneparypHono rpaAMBHra 400 
480°C. 

11. ycrpoftcTBo Anfl CMHTBSa *yjuiepeHoa 
BKnioMa^ee smmttsp, BbinanHaHHufl m 
TBepaofl yrnepoAcoABp^KaiMoft aaroTOBKM, 
noMBineHHo« b paooMyio KaMepy, n cdbactbo 
Harpesa BMiirrepa c hctomhmkdm 
SHepronHTaHMfl, omMMaioineecii tsm, mto 
paowafl KBMepa BbinonHena BatcyvMHott 
oMMTTep HMBeT c|>opMy, ooecnoMMBaiouiyio 
o5pa30BaHne bctpomho HanpaaneHHbix mm* 
nepeceKatomHxcw nooraa ymeppAHbOc 
KnacrepoB npw era HarpeBaHWM, npw otom 
ycTpo«cTBo flononHMTenbHo ch86)kbho 
OPeflpTBOM noflaMM m nepeMeiueHMn aaroTOBKw h 
enoKOM KOHrponfl m ynpaBJieHUA HarpeBOM 
oMwrrepa. 

12. ycTpottcTBo no n, 11, oTrwMaioaieecfi 

TBM, MTO MCTOMHMK 3HepfOnHTaHMfl BbinonHBH B 

anfle HCTOHHMKa nepeweHHoro toks c MacroTofl 8 
40 Kru. 

13. ycTpottcTBo no nn.11 m 12 
ornwMaioujeec* tbm, mto oho flononHMTenbHo* 
08a6)KeH0 c6odhmkom caxw, ycTaHosneHHbiM e 
paooMeft KaMepe. 

14. yorpoftcTBo no n.13. ornwatouieeca 

T6M, MTO OOODHMK CdJKH BWnOJlH0H B BHLQe 
eMKOCTefl, BbtnOJIHBHHblX B BH/^B HODOU M3 

TepMocToftKoro MeTSJUia, ycTaHOBneHHbix 

KOHl^dHTpHMHO OTHOCMTBJlbHO BdpTMKa/lbHO 

paononoxeHHoro OMMTTepa h pawneHHbix 

MB^y C060ft KBapMeBWM KOJlbLOM 

ooecnoMMBaiomiM HarpeB eMKoareR pp 1200 
2000°C, npw 3tom BepxHee nonbuo cobpHMKa 
aaKpwTo coepxy, a Hnx<Hee - wway 

MOnM6AeHOBblMM 0lVlbTpaMM C OTBepCTMflMM. 

15. ycTpoftoTBO no n.11, OTjiMMaiomeecfl 

T6M, MTO OHO /pnOJIHMTenbHO CHaSxOHO 

KormeKTopaMM cJvnnepeHOB, BbfnotnHeHHbiMM c 
BO3M0XHocTbJo pa^ejieHMH ^ynnepeHOB Ha 
<ppan\m no MoneKynflpnofl Maooe. 

16. yorpoftcTBO no n.1 5, OTJWMafomeec* 
TeM, mto Konnexropbi cpyjuiepeHOB BwnonHOHbi 
b bhao AByx Konei4 wa moam c BepTmcanbHbiMti 
KaHanaMW, ycraHoeneHHbix HenocpeflCTBeHHo 

Ha BepXHKMO H nOfl HHKHKMO 6MKOCTH COOpHMKa 
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